INTRODUCTION
C hronic disease currently accounts for the majority of deaths in the United States [1] . Although modern medical treatments exist to combat chronic disease, they are mostly ineffective. The Center for Disease Control (CDC) has identified that over 71% of the U.S. population is overweight [2] . Obesity often results in the accumulation of chronic diseases such as diabetes and cardiovascular disease, which drastically decreases quality of life and longevity. The U.S. Department of Health and Human Services suggested that over 31% of adults in the U.S. are living with at least two or more chronic conditions in 2014 [3] . The top two chronic diseases in 2016, cardiovascular disease and cancer, accounted for 45% of the total deaths that year [4] .
High infectious disease mortality rates have decreased over time due to the advent of modern medicine. As such, people have been living long enough to accumulate a myriad of chronic diseases. In turn, chronic disease has become the leading cause of death in developed nations [5] . Chronic disease is generally understood as a class of noncommunicable diseases that progress at a slow rate and persist for extended periods of time [6] . Among the top chronic diseases today, the World Health Organization (WHO) recognizes cardiovascular disease, diabetes, and cancer as having a negative impact internationally [6] . Seven of the top 10 leading causes of death in the U.S. are from chronic disease (cardiovascular disease, some cancers, chronic lower respiratory disease, cerebrovascular disease, Alzheimer's disease, diabetes, kidney disease) [4] .
One of the root causes behind the recent rise of chronic disease lies buried in the modern lifestyle. A sedentary lifestyle can be a major contributing factor to the onset of chronic disease. Accelerometer data indicated that adults are sedentary for almost 60% of their waking hours each day [7] . Prolonged periods of inactivity increase biomarkers linked to chronic diseases such as cardiovascular disease, type 2 diabetes, and metabolic syndrome [8] . A sedentary lifestyle can increase all-cause mortality by up to 93% [9] . A sedentary lifestyle also results in decreased daily net caloric expenditure, which heightens the risk of obesity. Genetic influences may also play a role in the onset of and susceptibility to chronic disease and obesity [10] .
Obesity as a Primary Source of Chronic Disease
Since obesity is a large contributor to the accumulation and progression of chronic diseases, the treatment of obesity can decrease symptoms directly associated with excess weight gain, while simultaneously treating and preventing chronic disease. The CDC reported that about 40% of the adult U.S. population was obese in 2015 [11] . This indicates that current methods of preventing and treating excess weight gain are largely unsuccessful.
Clinical measurement of weight most often utilizes body mass index (BMI), the ratio of a person's weight in kilograms to the square of their height in meters. BMI is then compared against national averages to determine weight status (BMI of 25 kg/m2 to 29.9 kg/m2 is overweight, 30 kg/m2 to 39.9 kg/m2 is obese, and 40 kg/m2 or greater is extreme obesity) [2] . Health care providers use BMI to quickly estimate chronic disease risk. The WHO warns that a higher BMI is correlated with greater risk for disease accumulation [6] . BMI is useful for most of the non-exercising population as a general health indicator, however it is an incomplete method for determining overweight status and morbidity risk due to its inability to distinguish between different types of body tissue.
A current review of clinical obesity management suggests that physicians should be first recommending lifestyle modifications, followed by pharmaceutical prescription, and lastly bariatric (weight loss) surgery to their obese patients [12] . According to Erlandson, et al., lifestyle recommendations should include increasing physical activity, making dietary modifications, and participating in behavioral therapies. Prescription weight loss pharmaceuticals, or pills, are recommended for patients with a BMI of 30 kg/m2 or higher or 27 kg/m2 or above with obesity related comorbidities. Bariatric surgery, or weight loss surgery, is recommended for patients with a BMI above 40 kg/m2 [12] .
Pharmaceutical Induced Weight Loss
Pharmaceuticals have been shown to induce statistically significant weight loss [13] . Despite reported pharmacotherapy success, several factors impact the overall usefulness of drug-therapy, including strict eligibility requirements, treatment corequisites, side effects, actual risk reduction, and long-term effectiveness.
Clinically obese individuals meeting BMI standards (≥ 30kg/m2 or ≥ 27kg/m2 with obesity related comorbidities) are cleared for prescription pharmaceutical intervention [12] . While obese individuals are 81% more likely to develop coronary heart disease (CHD); simply being overweight (BMI 25-29.9kg/m2) is associated with a 32% increased risk of developing CHD relative to individuals with a normal BMI range of 18.5-24.9kg/m2 [14] . Despite this risk, weight loss pharmaceuticals are reserved for obese individuals, those who will maximize the risk-reward ratio of treatment. Approximately 2.7 million obese patients were using some form of anti-obesity medication in 2011, which accounts for not even 3% of all of the obese adults in the U.S. [15] .
Most drugs have between 10 and 100 possible side effects or adverse drug reactions [16] . Typical side effects common to weight loss drugs are constipation, nausea and vomiting, diarrhea, and incontinence [17] . Some of the worst side effects include liver toxicity, cardiotoxicity, and drug abuse [18] . Side effects can also include an increase in blood pressure and heart rate which are directly correlated with increased cardiovascular disease morbidity and mortality [19] .
Patients regain weight after pharmaceutical weight loss treatment ceases without parallel lifestyle changes [20] . Implementing pharmacotherapy following lifestyle modifications may be the most credible solution to optimize drug-aided weight loss [21] . Despite evidence of metabolic risk factor improvement, obesity medications have not been shown to subsequently reduce cardiovascular morbidity or mortality [13] . Lifestyle changes are thus concurrently necessary to reduce chronic disease risk.
In an effort to combat regaining weight, pharmaceuticals have been designed for both short-term (≤ 12 weeks) and long-term use (as long as desired) [13] . The FDA has approved three weight loss drugs for long-term use as of 2014, which includes orlistat, lorcaserin, and phentermine-topiramate [13] . Yet these long-term medications do not work indefinitely. After a period of about 54-67 weeks, these medications reach their maximal efficacy point and weight regain is expected [20] . Weight regain typically ranges from one to three pounds every year after the maximal efficacy point has occurred [20] .
Surgically Assisted Weight Loss
Bariatric surgery either limits the amount of food the stomach can hold (restrictive), reduces nutrient absorption efficiency (malabsorptive), or both (mixed) [22] . Bariatric surgeries commonly reduce some metabolic risk factors for chronic disease accumulation, such as blood glucose levels [22] . Bariatric surgery may be performed on the most at-risk patients as a life-saving procedure in order to prevent an anticipated chronic disease related death. Weight loss from bariatric surgery maximizes at two to four years post-surgery with a BMI reduction of up to 12-17 kg/m2, or the equivalent of an 80% reduction in body weight [23] . In 2016; 216,000 bariatric surgeries were performed in the U.S., a 36% increase from 2011 [24] . Despite this increase, this accounts for less than 1% of all morbidly obese individuals in the U.S.
A patient must have a BMI of at least 40 kg/m2 or 35 kg/ m2 with another obesity related illness to be considered for bariatric surgery [22] . Prior to weight loss surgery, psychological health and dietary tendencies must be evaluated [25] . Preoperative patients must also show continued weight loss in order to be eligible for bariatric surgery. In order to optimize surgical results, physicians will evaluate a patient's willingness and motivation for surgery and their propensity for sustained lifestyle modifications post surgical treatment [25] .
Regardless of procedure complexity, all bariatric surgeries pose risks of complications up to and including death [26] . The complication rate for bariatric surgery ranges from 10%-17% [23] . Approximately 7% of all bariatric surgery patients will require additional surgery beyond the initial bariatric procedure. Bariatric postoperative death rates are 6% in the five years after surgery [27] . Older patients (≥55 years) have the greatest risk of postoperative mortality (62% in men, 25% in women). Common causes of death in the nine years after a bariatric surgery, are coronary heart disease (19% of deaths), sepsis (14%), pulmonary embolism (11%), therapeutic complications (11%), and cancer (10%) [27] .
Bariatric surgeries certainly yield short-term weight loss, but most procedures eventually lead to some weight being regained. In order to prevent as much weight regain as possible, patients must sustain healthy lifestyle modifications post surgery [28] . About 25%-30% of gross weight loss following bariatric surgery is typically regained over the subsequent several years [29] . Despite some regained weight, obese patients undergoing bariatric surgery are less likely to be diagnosed with diabetes or experience adverse cardiovascular events for over 10 years post surgery when compared with nonsurgical obese patients. Bariatric surgeries however do not provide a long term reduction of a patient's cholesterol levels or hypertension which indicates a continued risk for the development of chronic disease [29] . While bariatric surgery may help reduce the onset of some chronic disease, widespread application to all obese individuals is not viable due to the prequalification requirements of the bariatric patient and the overall risk to reward ratio of the surgery.
Physical Activity
Physical activity is presumed to help tilt the caloric balance toward a caloric deficit and thus elicit weight loss [30] . It is likely that aerobic exercise yields the greatest benefits for overweight people by providing the greatest increases in cardiorespiratory fitness and short-term weight loss [31] . Aerobic exercise increases metabolic rate (and thus energy expenditure) over the 24 hours post-exercise [32] . The primary benefits from physical activity reside beyond weight loss, and include influence over several metabolic factors and organs [33] . These benefits include increases in bone density, support for and creation of new vascular tissue, increases in fat metabolism, insulin sensitivity, memory and brain function, and decreases in systemic inflammation [33] . For example, physically active obese men and women were 88% less likely to be insulin resistant than their inactive counterparts [34] .
Until recently, the heart was believed to be incapable of generating new contractile cardiomyocyte cells [35] . Yet, several recent studies have theorized that exercise stimulates local cardiomyocyte stem cells and cardiomyocyte progenitor cells to increase proliferation and specialization to a greater extent [35] . This finding is critical to patients who have experienced some form of ischemic heart failure resulting in cardiac cell death, such as myocardial infarction. Additionally, aerobically fit men and women were 47% and 70% less likely to incur cardiovascular disease, respectively and are 50% less likely to incur all-cause mortality [36] .
Nutrition
The WHO states that 30% of all cancers, 80% of cardiovascular diseases, and 90% of type-2 diabetes cases could be prevented in part by consuming a nutritious and balanced diet [37] . While approximately 75% of the U.S. population insufficiently consumes vegetables, fruits, dairy, and healthy fats, the U.S. Department of Agriculture (USDA) states that a healthy diet including plenty of vegetables and fruits can lower the risk for developing obesity, cardiovascular disease, some types of cancers, and type-2 diabetes [38] . Fruits and vegetables are important for their low energy density (low amount of calories per serving) and high phytochemical, vitamin, and mineral concentrations [39] .
Oils are a type of unsaturated fat typically viewed as a "healthy" fat, relative to other "unhealthy" or saturated fats, such as butter or lard. Saturated fats have traditionally been associated with increased morbidity and mortality by means of altering cholesterol concentrations, thus leading to cardiovascular disease [40] . Unsaturated fats though have been shown to reduce cardiovascular disease risk [41] . Unsaturated fats likely reduce the risk of cardiovascular disease by decreasing the total amount of cholesterol present in the body [42] . When caloric intake from saturated fats is replaced with calories from unsaturated fat, each 5% energy replacement is correlated with a 10% risk reduction of coronary heart disease [42] .
A healthy diet alone is not entirely effective for the reduction of chronic disease as it cannot replace the beneficial effects physical activity has on the cardiovascular system [43] . Likewise, physical activity requires a healthy diet in order to maximally decrease chronic disease risk [44] . The combination of a balanced diet and exercise yield additional weight loss, along with improved metabolic risk factors including improved maximal oxygen consumption (aerobic fitness) and decreased triglycerides and blood pressure. Weight loss alone has been correlated with a decrease in certain inflammatory biomarkers [44] .
Clinically Prescribed Lifestyle Modifications
Lifestyle modifications, or behavioral weight control, used to modify dietary habits, exercise habits, or both should be a clinician's first choice for treating obesity [30, 45] . These modifications are recommended to patients with a BMI ≥30 kg/m2 or ≥25 kg/m2 for those with obesity related illnesses. In prescribed lifestyle modifications, patients periodically meet with a clinician to discuss progress and help direct further lifestyle modifications as needed [45] .
Physical activity modifications are typically based on recognized guidelines for recommended weekly physical activity participation. The CDC recommends a minimum of 150 minutes per week of moderate intensity activity (3.0 -5.9 METs), or 75 minutes per week of vigorous activity (6.0 METs or greater), or a combination of the two in bouts of 10 minutes or more [46] . Most physical activity recommendations are typically informal advice from a clinician rather than a formal prescription. This lack of standardized activity prescription is likely due to the absence of established clinical physical activity models, like those seen with recognized dietary plans.
There appears to be a difference between simply advising patients to increase physical activity and formally prescribing it. When patients were advised to increase physical activity, they tended to actually decrease physical activity by approximately 15 minutes per week [47] . When given a formal prescription for physical activity (physician advice, educational materials, and a personalized physical activity plan that varied across patients) these patients increased their activity. Six months post-prescription, both younger (<50 years) and older patients increased their physical activity by an average of approximately 30 and 65 minutes per week, respectively [47] . These results suggest that a formal prescription of physical activity can be a substantial tool for encouraging patients to increase their activity.
Dietary prescription lifestyle modifications most commonly entail reducing the amount of total food and fat consumed daily in an effort to decrease caloric intake [30] . This results in an energy imbalance. Dietary modifications that restrict the intake of a particular macronutrient or group of macronutrients are recent developments [30] . Such well known dietary modifications include the Atkins (low carbohydrate intake), Ornish (low fat intake), Zone (even macronutrient distribution), and Weight Watchers (reduced overall caloric intake) diets [48] . These diets have been shown to yield an average of approximately 3.18 -3.63 kg of weight loss across a two month period [48] .
When comparing the Atkins diet to a more clinically prevalent low calorie/low fat diet, weight loss differences are statistically indistinguishable in the long-term [49] . Yet, 35 -50% of study participants in both of the aforementioned diet conditions prematurely left the Foster, et al. study, citing either too little weight loss or too much difficulty sustaining the diet. The diets with the most extreme restrictions (Atkins, Ornish) resulted in the greatest discontinuation rates [49] . This is problematic as after a dietary lifestyle treatment ends, patients regain about 30% -35% of their weight loss within the first year and nearly all of their lost weight within five years [50] .
Diet prescription efficacy appears dependent on the intensity with which the behavioral modification is promoted by the prescribing clinician. The frequency of visits to a clinician and the topics of discussion are directly related to the success of a particular diet plan. Foster et al. compared the Atkins and Ornish diets with intensive in-person behavioral treatment across two years, discovering similar, high diet efficacy so long as clinicians met regularly with their patients [51] . Weight regain occurred and increased to a greater extent the less often patients met for behavioral treatment [51] . These results suggest that specific diets are not key to producing weight loss but how active a clinician is in the patient's weight loss journey.
Obstructions to the Prescription of Lifestyle Modifications
Primary care physicians are advised to screen adults for obesity and offer comprehensive weight management plans for obese adults, yet many fail to do so [52] . Out of almost 991 million physician visits in 2015, 51% of those were to primary care specialists [53] . Only 15% of those 991 million visits included some form of diet or nutrition education or counseling. Less than 10% of all visits included exercise education or counseling and less than 3% of total visits included weight reduction education or counseling. This is disconcerning as 61% of visits included patients with at least one chronic disease [53] . Based on this data, it is evident that primary care clinicians are missing an opportunity to prescribe appropriate lifestyle modifications to an at-risk population. While physicians receive extensive training in the use of pharmacotherapy, the same cannot be said for prescribing lifestyle modifications [54] . The training and education a physician receives may be inadequate to make appropriate dietary and physical activity prescriptions. Over 51% of family physicians felt inappropriately trained to prescribe weight loss plans to obese patients [55] .
Over 90% of medical schools offer some nutrition education, but it is often interspersed within other science courses, instead of as an exclusive nutrition course [56] . In 2004, only 30% of U.S. medical schools required a dedicated course in nutrition. While the National Academy of Sciences (NAS) recommends 25 hours of nutrition education for medical students, only about 38% of medical schools met this recommendation. Likewise, 88% of nutrition instructors in medical schools believed more time should be dedicated to the instruction of nutrition to medical students [56] .
In formal physician training, content related to appropriate physical activity is taught even less frequently than nutrition content. An average of eight hours of physical activity education is provided at U.S. medical schools [57] . Approximately 39% and 56% of medical schools do not teach aerobic and resistance training guidelines, respectively. Perhaps worse still, 56% of medical schools believe they offer sufficient physical activity education [57] . A lack of adequate physical activity and health coaching instruction leaves many practitioners underprepared to utilize this beneficial modality to prevent and treat chronic disease [58] . Medical students are not often exposed to lifestyle medicine, the branch of medicine that deals with espousing and sustaining healthy lifestyle behaviors.
The Case for Lifestyle Medicine
Clinicians should screen all patients for physical inactivity and poor dietary patterns. Physical activity and nutritional assessments should be treated as vital signs and patients should understand the health risks associated with a sedentary lifestyle and an unbalanced diet. Patient activity level and nutritional status are imperative to their longevity and more importantly, their quality of life. Standardizing physician assessment and prescription of physical activity and diet should be paramount. Most pharmaceutical treatments follow standardized, yet individualized practitioner prescribed schedules. Why then should the prescription of physical activity and diet protocols be any different? Standardized care provides several benefits, which include risk reduction, reduced payer costs, and consistent outcomes for different patients [59] .
Several factors must be considered to program physical activity and exercise for a patient. Standardized exercise training programs could be developed for populations with common presentations (e.g. BMI ranges, specific chronic diseases, or overall morbidity and mortality risk). In many cases, evidence of effective programming for such populations and patients with specific diseases already exists. Individual dietary prescription outside of consultation with a certified dietary professional should be based on patient preference and should interfere the least with any pre-existing conditions the patient may have. Standardized treatment protocols could be established by leading experts in the field for unique patient populations. Primary care clinicians may then select the most appropriate lifestyle protocol for each patient. Clinicians could then make modifications depending on each patient's individual needs, or refer them to an exercise physiologist or dietician for further refined care as needed. An alternative approach could include primary care clinics staffed with a dietician and exercise physiologist to facilitate this patient-centered care. Patients could the visit the dietician and exercise physiologist with greater frequency than the physician promoting lifestyle change maintenance.
Primary care clinicians should prescribe physical activity and diet as a curative and preventative measure for chronic disease. Recognizing that weight loss pharmaceuticals may not reduce cardiovascular metabolic risk factors alone, a concomitant treatment with physical activity and dietary prescription (combination therapy) would likely increase weight loss and improve metabolic disease risk factors [13, 21] . For cases of extreme obesity, bariatric surgery combined with an insurance subsidized prescription diet and exercise plan may be the most viable option for a successful weight reduction, metabolic risk factor normalization, and weight loss maintenance [28] .
Additional training in exercise and nutrition could be included during a medical student's education. Dedicating a course in medical school towards the prescription of lifestyle medicine for the prevention of chronic disease may positively influence physician confidence regarding the prescription of exercise and nutrition. Physician residency programs could recommend or require a rotation in lifestyle medicine for medical students interested in primary care practice or specialties that focus on patients with chronic disease. If residency programs were to favor those individuals with training in lifestyle medicine, it may provoke more interest in these preventative treatments. At the very least this would expose medical students to lifestyle treatments they may use in later practice. In order for current primary care physicians to provide lifestyle counseling and preventive prescriptions they should be better trained in lifestyle medicine. It has been shown that even a three-hour seminar on the benefits of exercise in medicine is sufficient to increase exercise prescription by physicians by 28% [60] . While this may be enough to stimulate the prescription of lifestyle modifications it is not enough training to comprehensively address the benefits and use of physical activity for the prevention and treatment of chronic disease. In 2004, the American College of Lifestyle Medicine (ACLM) set out to define lifestyle medicine and promote its use through physician education. The ACLM advocates that all primary care physicians meet certain leadership, knowledge, assessment, management, and office and community competencies in order to effectively treat and prevent chronic disease with the practice of lifestyle medicine. Many of these competencies reflect what has been discussed in this review and include promoting healthy behavior and prescribing exercise and nutrition preventatively and curatively.
Limitations to the Prescription of Lifestyle Medicine
The major limitation to the prescription of exercise and nutrition is the heavy burden placed on the patient alone. Taking a medication is relatively easy, whereas consuming a healthy diet and exercising regularly is not. Further still, if lifestyle alterations are not sustained, excess weight regain is inevitable. These limitations make quick and simple solutions like pharmaceuticals and surgery more appealing options, despite arguably worse results and increased financial burden.
The authors acknowledge that educating physicians and changing how they prescribe exercise and nutrition is just the first step of reforming primary care to effectively combat chronic disease. Advances in the elimination of chronic disease lies mostly outside of the physician's office. Patient behavior change is paramount to the success of lifestyle medicine. Patient non-compliance with an effective prescription of exercise and nutrition is as detrimental as a lack of this prescription in the first place. A shift away from curative treatment towards preventative treatment not only requires physician education and compliance, but necessitates a rearrangement of societal values. We must encourage deviation from a culture focused on instant gratification. Exercise and nutritional behavior change requires prolonged effort while current culture promotes care that minimizes the energy required on the patient's end. Additionally, increased funds should be available for lifestyle medicine. Insurance providers would need to increase the accessibility to and reimbursement for lifestyle medical care.
CONCLUSIONS
Primary care clinicians are not appropriately utilizing lifestyle modifications as a preventive measure against or treatment for chronic disease. The increasing obesity prevalence in the United States is a strong indicator of a fundamentally flawed approach to health care. This obesity epidemic is directly related to elevated rates of mortality resulting from chronic disease. Current pharmaceutical and surgical treatments provide minimal relief to the obesity and chronic disease epidemic. Physical activity and balanced nutrition are paramount to the effective treatment of obesity and chronic disease. Primary care clinicians should increase their familiarity with exercise programming and dietary protocols to better provide comprehensive preventive and curative lifestyle modifications. In order to effectively combat chronic disease, clinicians should underscore the necessity of lifestyle treatment and prioritize its use in clinical settings. If primary care medical providers continue to neglect lifestyle medicine, lifespan and quality of life will be negatively impacted. Despite revolutionary medical advances in pharmacology and surgery over the past few centuries, there is no substitute for the benefits realized with appropriate physical activity and a balanced diet.
